Background and Aim: Alkali burn of the cornea is considered as the most dangerous injury to the eye. It causes corneal infection, ulceration, perforation, neovascularization (NV) and opacification. Vitamin A is necessary for the normal growth and differentiation of epithelium; it is expected to promote the mechanical repair of corneal epithelial defects The present study is planned to investigate the effect of vitamin A eyegel on wound healing of the corneal alkali burn in rats. Materials and Methods: A total of thirty male albino rats were used. Rats were divided randomly into four groups: Group I, the control group; included three rats, received distilled water. Each of group II, III, IV included 9 rats: their central corneas of the right eyes were injured by contacting them with filter paper saturated with 0.01 m NaOH for 45 seconds. Group II, the non-treated group, injured and received distilled water. Group III, the antibiotic treated group, received antibiotic eye drops (lincomycin hydrochloride eye drops) 3 times per day for 3 days. Group IV, vitamin A treated group, received the same course of antibiotic and vitamin A eye gel (Hypotear gel 1000 IU/g) three times per day. for 3 days. The eyeball was taken out, rapidly fixed and processed for light microscopic, immunohistochemical and morphometric studies. Specimens were taken after 24, 48 and 72 hr. post-injury for tissue preparation and study of structural changes and immuno-histochemical analysis using Ki67 (detection of cellular proliferation) and transforming growth factor -beta (TGF-β) which is one of the most critical growth factors in establishing the pathologic lesion after corneal alkali burn. Results: Hematoxylin and eosin stained sections showed rapid healing of corneal ulcer in vitamin A treated group, with absence of neo-vasculariztion and inflammatory cellular infiltration. Immunohistochemical results showed that the use of vitamin A enhance cell proliferation (detected with Ki67) and decrease the expression of TGF-β which is one of the most critical growth factors in establishing the pathological lesion after corneal alkali burn. Conclusions: Vitamin A eye gel helped rapid healing of corneal alkali burn. This effect may be due to its anti-inflammatory effect and stimulation of cell proliferation.
INTRODUCTION
Corneal clarity and good visual quality are obtained through a highly ordered tissue architecture and lack of vascularization [1] . Alkali injury of the cornea is one of the most dangerous injuries to the eye. Corneal alkali burns cause corneal infection, ulceration, perforation, neovascularization (NV) and opacification [2] . The cornea is a physiologically transparent tissue; the balance between angiogenic and antiangiogenic factors determines the regulation of corneal NV after a corneal alkali burn.
TGF-β has the ability to induce the expressions of cytokines, such as matrix metalloproteinase 9 (MMP 9), vascular endothelial growth factor A (VEGF-A) and monocyte⁄ macrophage chemotactic protein-1, which are believed to be involved in matrix degradation, local neovascularization and inflammation, respectively. Transforming growth factor beta (TGF-β) also initiates conversion of keratocyte to myofibroblast after a corneal burn [3] .
Central corneal epithelium contains a rapidly proliferating basal cell layer, which helps maintain the thickness of the epithelium by replacing cells lost from the corneal surface, and terminally differentiated into suprabasal cell layers. Within the limbal region of the epithelium is a slow cycling stem cell population located in the basal cell layer. In the event of injury limbal epithelial stem cells (LESCs) can become highly proliferative [4] .
Vitamin A is necessary for the normal growth and differentiation of corneal epithelium. Vitamin A palmitate may promote the repair of mechanical corneal epithelial defects [5] .
The present work was planned to study the role of vitamin A eye gel in the healing process of alki induced corneal injury and to shed a light on the possible mechanisms underlying this effect.
MATERIALS AND METHODS

Animals
This study was conducted in the Histology Department Faculty of Medicine Minia University, Minia, Egypt. The study was dealing with the corneal tissues of male albino rats. Thirty rats, specific pathogens free at the age of 68-weeks weighing 150 -200 grams, were used. Animals were housed in clean plastic cages in an air conditioned room under a 12 hours light/ dark cycle.
All animals became acclimatized for at least 7 days before the outset of the study and were given food and water ad-libitum and were kept at constant humidity and temperature. The experiment was approved by the ethical committee for animal handling for research work in Minia University.
In vivo animal model of corneal epithelial wound healing.
Rats were deeply anesthetized by an intra-peritoneal (i. p.) injection of 50 mg⁄ kg tiletamine plus zolazepam and 15 mg/kg xylazine hydrochloride. In each case, the central cornea of the right eye was injured by placing a tip of filter paper saturated with 0.01 m NaOH (Sigma Aldrich Germany) on it for 45 seconds [6] .
Group I: The normal cornea of rats were not injured but received only distilled water.
Group II: The central cornea of rats were injured and received only distilled water.
Group III: Injury to the central cornea was done in the same way as group I, followed by application of antibiotic (lincomycin hydrochloride eye drops (Boen pharm) eye drops (2 drops each time) 3 times per day for 3 days [5] .
Group IV: Injury to the central cornea was done, followed by application of both antibiotic eye drops and vitamin A eye gel (hypotear eye gel retinol palmitat1000 IU/g Alcon) 3 times per day for 3 days [7] .
Three rats from each group were sacrificed after 1, 2, 3 days by decapitation under light halothane anesthesia. The specimens of the corneas were fixed in 10% formal saline for 48 hours and then specimens were processed to prepare paraffin sections for morphological studies.
a) H&E staining:
Specimens were taken from the eyeball and fixed in 10% formal saline for one or two days, followed by dehydration, then put in xylene, and embedded in paraffin.
Serial transverse sections of 56-µm thick were cut by a rotatory microtome and mounted on coated glass slides [8] .
b) Immunohistochemical studies:
1-Immunocytochemical staining was performed using:
• Monoclonal mouse antibodies (ki67/MKI67 antibody) which were obtained from Sigma Aldrich (Germany).
• Polyclonal rabbit anti-Transforming Growth Factor -β (TGF-β), obtained from Sigma Aldrich (Germany).
Immunohistochemistry was performed on paraffin sections:
Sections were de-paraffinized by heating overnight at 60ºC and soaking in xylene, and were rehydrated in descending grades of ethanol. Antigen retrieval was performed with citrate buffer (pH 6) at 97ºC for 20 min. Endogenous peroxidase activity was blocked with hydrogen peroxide in methanol at room temperature for 30 min. Non-specific antigens were blocked with incubation in 0.3% bovine serum albumin in Tris-buffered saline/Tween for 30 min. Slides were then incubated with anti-Ki-67 mouse monoclonal antibody (1:100 dilution) for 1 h at room temperature and with anti-Transforming Growth Factor β over night at 4ºC. Sections then were washed 3 times each for 5 minutes in buffer and incubated for further 30 minutes with biotinylated goat antirabbit secondary antibodies diluted 1:1000, followed by washing. Incubated for 30 minutes with Vectastain ABC kits (Avidin, Biotinylated horse radish peroxidase Complex) and washing for 10 minutes. The substrate, diaminobenzidine tetra hydrochloride (DAB) in distilled water was added for 510-min. The enzyme reaction was developed as described previously. The slides were lightly counterstained by Mayer's hematoxylin. +ve control for Ki67 was the tonsil and that for .TGFβ was breast cancer, -ve control was performed by omitting the step of 1ry antibody application [9] .
Photography
Slides were photographed using Olympus digital camera connected to an Olympus light microscope (BX51). (Olympus Japan).
Morphometric and Statistical analysis:
The procedures utilized a hardware consisting of a highresolution color digital camera mounted on an Olympus BX51 microscope and connected to a computer. Three sections were examined from each of all animal included in each group of the experiment.
The analysis has been performed on 10 different adjacent non overlapped fields for the same slide. Three different sections of the same animal were used. The number of examined animals was ten control rats and ten of each treatment. The number of Ki67 immuno-positive nuclei was counted and analyzed. Statistical analysis was done by SPSS version 19, windows 2008. The mean number (MN) and standard deviation (SD) were determined for parameter in each group. The significance of differences observed in these groups was pooled and assessed by parametric test (ANOVA) and Post hoc test [10] .
RESULTS
Hematoxylin and eosin results: Group I (Control)
Sections showed stratified squamous non keratinized epithelium resting on basal lamina (Bowman's layer) that appeared as acellular layer. Stroma contains keratocytes within acidophilic parallel regular lamella of collagen. Endothelial cell nuclei are seen in a single layer beneath the Descemet's membrane (Fig. 1 ).
Group II (Non-treated Alkali Injured Cornea)
Sections after one day showed complete epithelial loss and flat basal cells. The anterior stroma showed cell infiltration. Disorganized separated collagen fibers and disorganized keratocytes were observed. Descemetʼs membrane appeared thickened ( Fig. 2A) .
After 2days multiple cells with flattened darkly stained nuclei (arrowhead) and vacuolated cells were found. Stroma showed increased separation and disruption of collagen fibers and disorganized keratocytes (Fig. 2B) . After three days, the epithelium revealed superficial ghost nuclei, few basal vacuolated cells and other cells with darkly stained nuclei. Collagen separation and disorganized keratocytes were still observed (Fig. 2C ).
Group III (Antibiotic treated Cornea)
After 1day sections showed irregular surface, some obviously vacuolated superficial epithelial cells and some obviously vacuolated basal cells. Stroma recruited homogenous collagen and some widely separated collagen fibers can be observed (Fig. 3A) .
After 2days, some basal and suprabasal cells contained flat darkly stained nuclei. The basement membrane is not clear in certain areas. Homogenous collagen and less separation of collagen were observed (Fig. 3 B) .
After 3days the epithelium revealed superficial ghost nuclei, few basal and supra-basal vacuolated cells. The stroma showed slightly separated, and more or less regularly arranged collagen bundles (Fig. 3 C) .
Group IV (Vit.A and Antibiotic treated Cornea)
After one day minimal irregularity of the surface, few basal vacuolated cells and intact basal lamina. Separation of some collagen bundles and keratocytes were regularly arranged (Fig. 4 A) .
After two days regular surface and few basal cells appeared vacuolated. Stroma showed slightly separation of collagen fibers (Fig. 4 B) . After 3 days the corneal epithelium appeared more or less normal, with minimal separation of collagen fibers (Fig. 4 C) .
Immunohistochemical results for Ki67:
Group I
The normal cornea of group I showed negative Ki67 immunoexpression (Fig. 5 ).
Group II
After one day Ki67 few positive nuclei were found in the basal epithelial layer of the central cornea and few positive nuclei at the periphery of the cornea (Figs. 6 A and B).
After two days few positive nuclei were seen in the basal epithelium, while after 3 days more numerous positive Ki67 nuclei could be observed (Figs. 7 A and B).
Group III
After one day some basal and supra-basal Ki67 positive nuclei were detected at the central cornea and few basal positive nuclei at the peripheral cornea (Figs. 8 A and B) .
After two days some basal positive nuclei were found at the central cornea and after three days fewer basal positive nuclei (arrow) were seen at the central cornea ( Fig. 9 A and B) .
Group IV
After one day few positive nuclei were seen in the basal epithelial layer of the central cornea and multiple positive nuclei at the periphery of the cornea (Figs. 10 A and B).
After two days some positive basal nuclei and after three days few positive nuclei were detected (Figs. 11A and B) .
Immunohistochemical results for TFG-β:
Group I Sections showed positive cytoplasmic expression for TGF-β in keratocytes and some endothelial cells. Notice negative expression in the corneal epithelium (Fig. 12) .
Group II
After one day positive cytoplasmic expression in epithelial cells and in the stromal cells. After two days less positive expression in the epithelium and stroma. After 3days negative expression in the epithelium, while cells in the stroma still show obvious expression (Figs. 13 A, B and C)
Group III
After one day obvious cytoplasmic expression in the epithelium and minimal expression in the stroma were seen. After two days minimal expression in the epithelium and stroma was detected. After 3days negative expression was noticed (Figs. 14 A, B &C).
Group IV
After one day minimal positive cytoplasmic expression in the epithelium and stroma was evident. After 2 and 3days negative expression was found in the epithelium (Figs. 15 A and B) .
Morphometric analysis of the number of Ki67 positive cells :
1-At day 1 and day 2:
-There was a significant decrease in the mean number of Ki67 positive nuclei in group II compared to groups III and IV (P<0.05).
2-At day 3:
-There was a significant increase in the mean number of Ki67 positive cells in groups II and III compared to group IV (P<0.05) ( Table I ). 
DISCUSSION
Corneal clarity and good visual quality are obtained through a highly ordered tissue architecture and lack of vascularization [11] . Alkali injury of the cornea is one of the most dangerous injuries to the eye [12] . The cornea has a real requirement for vitamin A (retinol) .Vitamin A is necessary for the normal growth and differentiation of epithelium, and its deficiency leads to increased epidermal keratinization and squamous metaplasia [13] .
In the present study, group II (non-treated group) after one day of NaOH corneal injury showed complete loss of the epithelium at the site of injury. The basal cells showed loss of its columnar appearance. It can be commented that there may be structural changes affecting the basement membrane on which these cells rest that lead to loss of its normal configuration.
Suzuki et al. [14] explained that within 2 hours of the corneal wound, hemidesmosomal attachments between basal cells and the basement membrane disappear over an area extending 5070-µm from the wound edge. In support, Ashby et al. [15] reported that corneal epithelial wound healing first phase is the latent phase as there is no change in number of cells.
The same group revealed attenuated basement membrane. It can be suggested that the damage affecting the basement membrane or the Bowman's layer on which epithelial cells are assembled to fill the defect, may initiate all the abnormal changes that occurred in the corneal tissue at the site of injury and may be the cause of the delay in the healing process of epithelial defect. This suggestion is in agreement with Torricelli et al. [16] who reported that Bowman's membrane is critical in homeostasis and corneal wound healing. It acts as a barrier to penetration of inflammatory cytokines from the epithelium to stroma (such as TGF-β1), and possibly from stroma to epithelium (such as keratinocyte growth factor).
In addition to the previous findings, inflammatory cellular infiltration and disorganized widely separated collagen fibers, indicating edema were observed. In accordance, Okada et al. [17] added that the involvement of inflammatory cells and disorganization of collagen fibers in the wound healing process of an alkali-burned cornea leads to further release of fibrogenic cytokines that augment the tissue inflammation and subsequent corneal scarring. Also this was in agreement with Torricelli et al. [16] who stated that highly disorganized extracellular matrix was observed in corneas with haze. In group II disorganized keratocytes were noticed. Going with, Wilson et al. [18] considered keratocyte morphological changes as the earliest stromal event noted following epithelial injury and still a target for modulation of the wound healing response. These findings supported by Thaer et al. [19] who stated that morphological changes of keratocytes were seen in all cases of corneal edema in corneal injuries (physical, chemical, or infectious) [20] mentioned that the corneal opacity develops as a result of diminished transparency of the keratocytes themselves and the production of disordered extracellular matrix components by stromal cells.
In group II at day two after the corneal injury, there was vacuolation that may indicate hydropic degeneration of some epithelial cells, basal and supra-basal. It can be suggested that this was a compensatory mechanism through which the epithelial cells surrounding the sloughed area increased their volume as a trial to occupy a wider surface area to close the defect. This was in agreement with Jialin et al. [21] who reported that in wound healing of the corneal tissue in mice, there was a dramatic rise in cell water content which increased the cell volume allowing it to cover a large area. They added that both basal and supra-basal cells participate in the migration process.
Other cells of group II showed apoptosis. This was supported by Estil et al. [22] who considered that damaged cells undergo apoptosis and are soon shed into the tear film. While on day three, it showed epithelium which completely filled the gap, but revealed superficial keratinization, seen as lost or ghost nuclei. Few basal vacuolated cells, other cells had apoptotic nuclei. Some cells with ghost nuclei (chromatin lysis) were observed. Stromal edema reduced and disorganized keratocytes were found. All these morphological manifestations indicated incomplete regeneration process. This was supported by Wilson et al. [18] considered that epithelial mitosis and migration, stromal cell disorganization, myofibroblast generation and inflammatory cell infiltration contribute to the wound healing cascade which is modulated by cytokines derived from corneal cells, the lacrimal gland and possibly immune cells.
Regarding
immune-histochemical results of this study ki67 antibodies were used for detection of the proliferating cells as reported by Bruno and Darzynkiewicz [23] .
In group II, using ki67 antibodies showed a significant decrease in the mean number of positive nuclei at one and two days post-injury if compared with the corresponding days of groups III (antibiotic treated) and IV (vitamin A and antibiotic treated), indicating low proliferative capacity. While at the third day positive nuclei started to increase. Basal and supra-basal corneal epithelial cells have the ability to proliferate and replace the defect. That was supported by Joyce et al. [24] who reported that corneal epithelium contains a rapidly proliferating basal cell layer, which helps to maintain the thickness of the epithelium by replacing cells lost from the corneal surface.
Considering transformin0.5g growth factor-beta (TGF-β) as one of the most critical growth factors in establishing the pathologic lesion after corneal alkali burn including the formation of corneal haze as reported by Ebihara et al. [25] . Myrna et al. [26] stated that after corneal alkali injury, the corneal epithelium secretes growth factors and cytokines, including TFG-β.
In group II, there was obvious IE at day one which became less obvious later on. This may explain that the inflammatory reaction subsided gradually. These results were supported also by Kout et al. [27] who mentioned that TFG-β protein was secreted by both stressed epithelial cells and keratocytes. Wilson [20] mentioned that transformation of keratocytes into myofibroblast is induced by TGF-β. Myofibroblasts establish an interconnected meshwork of cells and extracellular matrix that deposits new matrix and contracts corneal wounds.
CONCLUSION
Vitamin A dampens the damage resulting from injury of the corneal tissue through decreasing the level of TGF-β and stimulating proliferation and differentiation of epithelial stem cells that are considered the main source of new cell formation.
